Summary: Urine was quantitatively analysed for sodium, potassium, creatinine, calcium, urea, uric acid, inorganic phosphate and magnesium in one manual central predilution. The analysis was implemented on a DuPont Dimension™ and the results were compared with those obtained with our analysers currently in use. Based on modified serum methods and their assessed linearities, the 8 urine constituents were analysed with high accuracy and reproducibility in a 6-fold diluted urine with DuPont reagents. The Dimension™ method correlated well with flame photometry for sodium and potassium; with the EPOS™ analyser for creatinine, calcium, uric acid, urea and inorganic phosphate; with atomic absorption spectroscopy for magnesium. All between-run coefficients of Variation were smaller than 5%, except for the analysis of sodium in the lower part of the measurement ränge. However, a dilution ratio of 6 is an acceptable compromise when these 8 constituents are determined collectively from a common predilution, thereby covering the complete measurement ranges for these analytes in urine specimens. An additional dilution Step is necessary for only a few urine samples (fewer than 1% of samples for calcium and urea and fewer than than 2% for inorganic phosphate). The combined analysis of these 8 constituents can be carried out only on untreated urine samples. Currently recommended pretreatments, such äs acidifieation for calcium and inorganic phosphate analysis, and uric acid analysis under alkaline conditions, can be avoided.
Introduction
Quantitative urinalysis is mostly performed on analysers which are primarily developed äs serum chemistry analysers. Therefore, all conditions on these analysers are optirnized for the serum analytes of interest with respect to sample, reagent and total volume, resulting in a high accuräcy and precision in the serum measuring ränge. Sihce the reference ranges for rnost analytes in urine differ coiib siderably from those for serum, the serum Version of each cannot always be directly used fpr urinalysis. This is iliustrated in table l, where Information is cpmpiled for 8 urine constituents which are analysed in routine requests, mostly requested in combination with each other, requiring currently different manual predilutions before and/or after testing.
Although the most requested routine urine analytes can be measured when-different manual· predilutions with ratios ranging from 0 to 100 are applied, this type of analysis is time consuming and labour intensive. Given the numberof urine analyses performed in the first 6 naonths of 1993 in our laboratory (tab. 1), urinalysis from a common predilution will result in a substantial reduction of the workload.
Taking into account the total number of urine analyses requested for single analytes separately, äs well äs requests for analyses of several analytes in combination, we concluded that our aim should be the collective analysis of sodium, potassium, calcium, magnesium, urea, creatinine, inorganic phosphate and uric acid in one common predilution of urine specimens. The complete measuring ranges of these analytes in urine should then be covered.
According to the literature, the DuPont Dimension™ analyser has been used mainly äs a serum chemistry analyser (1). We found no reports of its use for analytes in urine that would met our requirements to use this analyser for routine urinalysis.
Although the latest Version of the analyser, the Dimension™ AR, is equipped with an autodilution mode, autodilution only with respect to a reduction of the sample volume is not sufficient to span the complete measuring ranges for urine analytes when using the serum versions. This is mainly due to the fact that for some analytes, i. e. urea and inorganic phosphate, the current sample volume can only be reduced from 3 to 2 , the minimal sample volume required by the analyser. Implementation of urinalysis by using the serum versions would require a manual predilution ratio ranging from 0 to 10.
The Software of the Dimension includes a fixed calculation of the direct pptentiometrically measured urine electrolyte sodium based on a manual l : 3 predilution. Therefore, if the measurement of sodium is included, the predilution factor must always be a multiple of 3. From the practical Information in table l and 2 it was calculated that at least a l : 6 predilution, äs well äs a decrease or increase of some sample and total volumes, was needed in Order to handle the total urine chemistry workload in one run.
Materials and Methods

Materials
All chemicals needed for the preparation of Standards were purchased from Sigma (St. Louis, Missouri, USA). Urine quality control levels Lyphochek Ll and L2 were purchased from BioRad (Richmond, USA). All other reagents were supplied by DuPont (Wilmington, DE, USA). 
Analytical ranges
The analytical ranges of 6 serum methods were checked, using Standards with high analyte concentrations, and dilutions with saline based on the NCCLS EP6-P recommendations (2). For those methods with an upper limit (multiplied by 6) not spanning more than 95% of the reference ranges in urine, we used the open channel mode. In the open channel modes, the following modifications of the serum versions were applied: a reduction of sample volume from 3 to 2 μΐ for inorganic phosphate and urea; an increase in sample volume from 5 to 12 μΐ for calciumj an increase in total volume from 443 to 500 μΐ for inorganic phosphate.
Calibration
A 5-point calibration was carried out. Standards ranging from zero up to the upper limit of the linearity were made in special urine ,diluent (see below). After calibration, the linearity was verified once again and analysed by using linear regression.
Preparation of special urine diluent
The current procedure on the Dimension for the direct potentiometric determination of sodium requires a 3-fold dilution in DuPont urine diluent, with a sodium concentration of 75 mmol/1, concomitantly resulting in a baseline v l e for sodium of 50 mmol/1 which is converted to 0 mmol/1 by the Software. For a 6-fold dilution, the new urine diluent (special urine diluent) should have a sodium concentration that is 80% of the DuPont urine diluent concentration, resulting again in a baseline value of 50 mmol/1 when the urine is 6-fold diluted in special urine diluent (4/5 * 5/6 * 75 mmol/1). Using this special urine diluent, the procedure does not fequire a correction of the Software. The end result is simply multiplied by a factor of 2 (dilution factor 2). This now gives us the opportunity to analyse sodium and potassium (dilution factor 2) and the other 6 constituents (dilution factor 6) collectively in 6-fold prediluted urine.
Imprecision
Imprecision was evaluated based on the NCCLS EP5-T2 guidelmes (3). The within-run and between-run imprecisions were determined using Standards with low, normal and high concentration per analyte, a and were analysed in single assays and on 10 different days. The between-run imprecision was also-determ jned for the urine quality control levels (Lyphocheck L l and L2) that are currently in use. 
Method comparison
Urinalysis was implemented on the DuPont Dimension SMS™ (Wilmington, DE, USA). The Instruments used for the comparisons were: creatinine, calcium, urea, urie acid and inorganic phosphate on the Eppendorf EPOS™ Analyzer 5060 (Merck, Darmstadt, Germany); sodium and potassium on the flarne photometer 1L 943 from Instrumentation Laboratory (Lexington, MA, USA); magnesium pn the Philips Atomic Absorption Spectrophotometer PU9200X (Eindhoven, The Netherlands). Regression analyses were performed äccording to Passing & Bablok (4).
Patient samples
Appfoximately 100 patierit urine samples (24h urines) were coU lected, spanning the complete reference ranges in urine, in accordance with NCCLS EP9-T guidelines (5)/For the analysis of calcium and inorganic phosphate on the EPOS™ analyser and magnesium on the atomic absorption spectrophotometer, the urine was acidified with l O 1 mmol/1 HC1 (pH 1.5-2.5), incubated for 10 min at 56 °C, and centrifuged for 10 min at 3000 min"
1 . Subsequently, the supematant was analysed, For the determmation of uric acid on the EPOS™ analyser, the urine was pretreated with 12.5 mmol/1 NaOH (pH 9-10), incubated for 10 min at 56 °C, and centrifuged for 10 min at 3000 min~l. Subsequently, the supematant was analysed.
The remaining urine quantities were analysed in untreated urine samples.
Results and Discussion
The predilution ratio The quantitative analysis of the 8 constituents mentioned in table l, when analysed collectively, requires at least a 3-fold dilution, due to the current procedure for the analysis of sodium in urine on the Dimension. The analysis of sodium requires a baseline value of 50 mmol/1 sodium which is present after the manual 3-fold dilution of urine with DuPont urine diluent. When the determination of this electrolyte is included in the analysis, the predilution factor should be a multiple of 3.
When we verified the limits of the analytical ranges for the abovedescribed analytes (tab. 2), we found that this 3-fold dilution would also be sufficient for the determination of creatinine, calcium, uric acid and magnesium when using the serum Version, thereby spanning the complete measuring ranges in urine (for calcium it requires a calibration ranging from 0.0 to 3.7 mmol/1). In addition to the need to defme a new calibration ränge for calcium, the reference ränge of urea and inorganic phosphate would not be covered by a 3-fold or a 6-fold dilution. However, the facility for modifying the calibration ränge and for altering the sample, reagent and total volurrie, via the open channel Option ofTered by the Instrument, enabled us to also inciude these analytes. By applying a 6-fold dilution and programming the urine assays of calcium, urea and inorganic phosphate in the open channel mode, it was possible to cover the reference ranges and to achieve acceptable precisions for all analytes in question (tab. 2).
This procedure still requires the preparation of a special urine diluent, which is described in the Materials and Methods section.
Tab responsible method cannot be drawn from these data, except for the sodium and potassium measurements for which flame photometry is the reference method.
All between-run coefficients of Variation are smaller thafi 5% except for low sodium concentrations with a CV of 8% (tab. 4). This high CV for low values of sodium in urine is due to a relatively low contribution of sodium, present iji f urine, to the total sodium concentration in a 6-fold diluted urine with the required baseline value of 50 mmol/1. However, low values in 6-fold diluted urine specimens correlate well with the measurements in undiluted urine specimens on the comparison analyser, the flame photometer ( fig. la) .
For calciüm, we increased the sample volume frorn 5 to 12 , in order to reduce the imprecision for very low concentrations. By this procedure, we exactly covered the complete reference ränge for calciüm in urine. Considering all these values for impreeision, we conclude that a predilution factor of 6 is an acceptable compromise when analysing these 8 constituents collectively in a common prediluted urine sample. It is reasonable to assume that a predilution factor of 9 will significantly increase the CVs of all analytes in their complete reference ränge, while the CVs for other analytes will exceed 5%, with an unacceptable CV for sodium exceeding 10% for low values.
Collective detennination of these 8 constituents cannot be carried out when urine specimens are collected under acidic conditions. There are 2 reasons for this: sodium cannot be measured potentiometrically in acidified urine, not even in 6^fbld diluted acidified urine; and the analysis of uric acid requires alkaline conditions which convert the CO 2 released by the enzyme uricase into HCOf, thereby preventing possible interference in the spectroscopy (r = 0.90 for uric acid when analysed on the Dimension™ under acidified conditions and on the EPOS™ under alkaline conditions). However, urie acid analysis in untreated urine on the Dimension™ shows a good correlation with the analysis on the EPOS™ under alkaline conditions (r = 0.99), äs shown in flgure Ib. Although calciüm and inorganic phosphate are analysed under acid conditions on the EPOS™ analyser, the analysis on the Dimension™ under acid conditions shows only a slightly better correlation when compared with the analysis in untreated urine samples (for both analytes r = 1.00 under acidic conditions and 0.98 in untreated urine; tab. 4), äs also showjn in figure IG and figure Id for calciüm, and figure le and figure If for inorganic phosphate, respectively. Therefore, it might be concluded that analysis of the 8 constituents collectively in urine samples from a common predilution can be carried out in untreated urine samples. This procedure avoids the collection of 24-hour urine in separate Containers, but under extreme eonditions, when calciüm, inorganic phosphate and uric acid may precipitate, this may still be necessary (6).
Since the latest version of the analyser, the Dimension™ AR, has been equipped with an autodilution mode only in the sense of automatic rerun, thereby either decreasing or increasing the sample volume, we recommend the manufacturer to develop a real autodilution mode. The sample volume for analysis of urea and inorganic phosphate cannot be reduced below 2 . real autodilution mode would also eliminate the manual 6-fold predilution step which t is made in special urine diluent.
Quantitative urinalysis on the Dimension™
The Dimension™ provides accurate and reproducible results for each of the analytes when analysed in a common prediluted urine sample. When analyzed collectively in a 6-fold manual predilution, almost all analytes show a good correlation between the Dimension™ and the comparison analysers currently in use (tab. 3). Some of the 95% ranges of a and b differ significantly from those of the comparison methods. However, firm conclüsions concerning the
